SENSOK ARRAY, METHOD FOR MANUFACTURING SENSOR ARRAY/ AND 
ULTRASONIC DIAGNOSTIC APPARATUS USING THE SAME 



BACKGROUND Of THti INVENTION 
1 . Field of the Invention 

The present invention relates to sensor arrays / methods 
for manufacturing the sensor arrays, and ultrasonic 
diagnostic apparatuses incorporating the same. More 
particularly, the invention relates zo sensor arrays such as 
ultrasonic probes used in ultrasonic diagnostic apparatuses, 
ultrasonic microscopes, metal riaw detecting apparatuses, 
and the like. 

2- Description of the Related Art 

Concerning the background of the present invention, 
an ultrasonic probe used in a convP.ntional ultrasonic 
diagnostic apparatus will be described. For example/ there 
is an ultrasonic probe disclosed in IEEE Transactions on 
UtlUasonics, rerroelectrics, and frequency Control, Vol. 44, 
No. 2, March 1997 Hybrid Multi/Singla Layer Array 
Transducers for Increased Signal-to-Noise Ratio. 

Fig. 7 is a perspective view showing the main part, of 
an ultrasonic probe, nspd in the conventional ultrasonic 
diagnostic apparatus. Fig. 8 is a perspective view showing 
a piezoelectric oscillator used in the ultrasonic probe. An 
ultrasonic probe 1 shown in Fig. 7 includes a substrata 2 
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formed of an acoustic absorber regarded as a backing member. 
A plurality of piezoelectric oscillators 3 is fixed on one 
main surface of the subsu:aLe 2 in a matrix form. 

As shown in fig. 8, the piezoelectric oscillators 3 
include a plurality of laminated piezoelectric layers 4. 
Inner electrodes 5 are formed between Lhe piezoelectric 
layers 4. An outer electrode 6 is formed on each of the top 
and bottom surfaces of the laminated piezoelectric layers 4. 
In addition, on both ends of the laminated piezoelec n ic 
layers 4, via-holes 7 are lurmed. Connecting electrodes 3 
aie formed inside the via-holes 7. Every other layer of the 
laminated piezoelectric layers 4 is polarized in a reverse 
thickness direction. The piezoelectric oscillators 3 are 
bonded onto one main surface of the substrate 2 by adhesive 
in such a manner that the main surfaces of the piezoelectric 
layers 4 are parallel to the main surface of the substrate 2. 

Furthermore, on the plurality of piezoelectric 
oscillators 3, an acoustic matching layer 9 is formed to 
obtain acoustic matching with a human body. On the acoustic 
matching layer 9, an acoustic lens 10 is formed Lo converge 

ultrasonic beams . 

in the pier.oelefTt.ric oscillators 3 used in the above 
ultrasonic probe 1, the inner electrodes 5 are extracted by 
the via-holes 7 and the like. However, alternatively, as 
the structure and method for extracting the inner electrodes, 
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Lhere is a structure and method for extracting the inner 
el errr.rodes from side surfaces of the piezoelectric 
oscillators 3, as usually seen in multi-layer capacitors and 
the liK« . 

Since each of the piezoelectric oscillators 3 uecd in 
the above ultrasonic probe 1 shown in Fig. 7 hae a multi- 
layer structure, good luiicLionulity and high-resolution 
capability can be achieved, so that, high sensitivity can be 
obtained, when the piezoelectric oscillators 3 are 
manufactured, via-holea need to be formed wiLii liiqh 
processing precision and electrodes need to be rormed with 
high printing precision. *s a result, due to shrinkage 
P occurring when a member is burned, it is difficult to obtain 

W\ linearity between the via-holes, and it is also difficult to 

0 cm the burned member in a matrix form. In addition, after 

0 cutting, outer electrodes easily fall off. Therefore, in 

•-SHE 

order to manufacture the piezoelectric oscillators 3, 
extremely high manufacturing precision Is necessary. Since 
there are many problems in terms of manufacturing, 
variations in characteristics easily occur. 

Similarly, when the innei electrodes 5 of the 
piezoelectric oscillators 3 are extracted from the side 
surfaces in the ultrasonic probe 1, a high processing 
precision is required in manufacturing. 
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SUMMAKi Of THK INVENTION 

Accordingly, it is an object of the present invention 
to provide a sensor array that is highly sensitive and 
capable of being easily manufactured. 

Tt. is another object of the present invention to 
provide a method for manufacturing the above sensor array. 

in addiLiun, it is another obiect of the present 
invention to provide an ultrasonic diagnostic apparatus 
using the above sensor array. 

The present invention provides * sensor array includiny 
a substrate and a plurality of piezoelectric oscillators 
tixed on a main surface of the substrate in a matrix form. 
Q Each of the plurality of piesoelectric collators includes 

S a plurality of piezoelectric layers laminated in a diiectiuu 

° parallel to the main surface of the substrate, inner 

Q electrodes disposed between the plurality of pie 2 oelectric 

S layers, and outer electrode 3 formed on end faces of the 

2 plurality of piezoelectric layers. 

O The present invention provides a method for 

manufacturing the above sensor array. The method includc= 
the step ol louuinq a multi-layer structure in which * 
plurality ot piezoelectric layers and a plurality ot inner 
electrodes are laminated, the step of forming a motherboard 
by cutting the multi-layer structure in the laminated 
direction, the step ot forming outer electrodes on both mam 
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surfaces ot th« motherboard, the step of fixing the 
motherboard on one main surface of a substrate, and the step 
of cutting the motherboard to yield the plurality ot 
piezoelectric oscillators. 

The present invention providce an ultrasonic diagnostic 
apparatus including an ultrasonic pxube, wherein the 
ultrasonic probe includes the above sensor array. 

In the sAnsor array according to the present invention, 
since the piezoelectric oscillators having the siulti-layei 
structure are used, hiyii sensitivity can be obtained. 

in addition, as described above, this sensor array can 
bft manufactured by forming the multi-layer structure in 
which the plurality of piezoelectric layers and the 
plurality of inner electrodes are laminated, forming the 
motherboard by cutting the mul ti -Layer structure in the 
laminated direction, forming the outer electrodes on the 
main surfaces of the motherboard, filing the motherboard on 
one of the main surfaces of the substrate, and cutting the 
motherboard into the plurality of piesoelectric oecillatora. 
As a reeult, when the motherboard is fixed on the substrate, 
since the outer electrodes are formed on the entire main 
surfaces of Mm motherboard, no high precision for 
determining positions is necessary. Thus, this method 
permits manuf actuiiuq <j£ the sensor array to be facilitated. 

In addition to th« shove-described objects of the 
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present invention, other objects, characteristics, and 
advantages thereof will be clarified by the detailed 
description of embodiments o£ the present invention with 
reference to tne drawings. 



BRI£F DESCRIPTION OP THE DRAWINGS 

Fly. 1 is a block diagram ol an ultrasonic diagnostic 
apparatus according r.o an embodiment of the present 
invention; 

Fiq. 2 is a perspective view allowing the main part of 

O 

5 an ultrasonic probe used in the ultrasonic diagnostic 

SJ apparatus shown in Fig. 1; 

Fig. 3 is a perspective view showing a piezoelectric 
oscillator used in Uie ultrasonic probe shown in fig. 2; 

Fig. 4 is an illustration showing a first step of a 
procedure for manufacturing the ultrasonic probe shown in 
Fig. 2; 

Fig. 5 is an illustration showing a second step of t.h« 
procedure for manufacturing the ultrasonic probe shown in 
Fig. 2; 

Fiy. 6 is an illustration showing a third step of the 
procedure for manufacturing the ultrasonic probe shown in 
Fig. 2; 

Fig. 7 is a peisyecLive view showinq the main part of 
an ultrasonic probe used in a conventional ultrasonic 
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diagnostic apparatus; and 

Fig. H is a perspective view showing a piezoelectric 
oscillator used in the ultrasonic probe stiuwa in Fig. 7. 



DESCRIPTION OP THE PREFERRED EMBODIMENTS 

Pig, 1 is a block diagram of an ultrasonic diagnostic 
apparatus according to an embodiment of the present 
invention. Fig. 2 is a perspective view showing the main 
part of *n ultrasonic probe used in chs ultrasonic 
diagnostic apparatus 3hown in Fig. i. Fig« 3 ±6 a 
perspective view showing a piezoelectric oscillator used in 
the ultrasonic probe. An ultrasonic diagnostic apparatus 20 
shown in Fig. 1 includes an ultrasonic probe 22. 

The ultrasonic probe 22, as shown in Fig. 2, includes a 
substrate 24 formed of an acoustic absorber, which is 
regarded as a harking member. On one of the main surfaces 
of the substrate 24, a plurality of piezoelectric 
oscillators 26 is fixed in a matrix form. Fig. 2 shows the 
plurality of piezoelectric oscillators 26 arranged in four 
lines. However, actually, the piosoelectric oscillators 26 
are arranged in many more lines. 

As shown in Fig. 3, the piezoelectric oscillators 26 
include a plurality of laminated piezoelectric layers 28 
formed of a material having a relative permittivity of 
substantially 2000. between the piezoelectric layers 2X, 
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inner electrodes 30 are formed. In this case, the inner 
electrodes 3 0 arc alternately formed from une end of the 
piezoelectric layer 28 to the center thereof and from the 
other end ot th* piezoelectric layer 2 8 to the center 
thereof. Furthermore, on both end faces of the 
piezoelectric layers 23, outer electrodes 32 are termed. 
The one-side outer electrode J 2 is connected to the every 
other inner electrode 30, and -he other-side outer electrode 
32 is connected to the remaining every othei inner electrode 
30. Addiiiuually, these piezoelectric layers 78 ara 
polarized alternately in a reverse thickness direction. 
Regarding each of the piezoelectric oscillators 2G, an outer 
dimension thereof, that is, edges of the outer electrode 32 
is set to be 250 >im, respectively, and the thickness thereof, 
that 'is, the distance between the outer electrodes 32 ic cct 
to be preferably more than or equal to two times the uuLer 
dimension in order to prevent coupling between a length 
oscillation (d31 mode) as a main mode and other unnecessary 
oscillations* For example, the thickness of the 
piezoelectric oscillator 2G is preferably 3t:U to be 500 urn- 
Furthermore,. in each of the piezoelectric oscillators 26, 
fivfl to seven piezoelectric layers 23 are preferably formed 
due to the balance between impedance matching and wave- 
receiviaq sensitivity. For example, seven piezoelectric 
layers ?ft mxy be formed. Then, each of the piezoelectric 



oscillators 2b is bondpd onto the substrate 24 by adhesive 
such that the plurality of piezoelectric layers 23 is 
laminated in a dix «*ction parallel to the main surrace of t.hp 
substrate 24, that is, th« laminating direction of the 
piezoelectric layers is parallel to the main surface of the 
substrate. 

In the above piezoelectric oscillators 26, r.hp inner 
electrodes 30 are alternately connected to the opposite 
outer electrode 32. However, the structure of the 
piezoelectric oscillaLoi 26 is not limited to this case. 
For example, the inner electrodes 30 may not be connected to 
the? outer electrodes 32. 

Furthermore, among the plurality of piezoelectr ic 
oscillators 26, wave-transmitting oscillators and wave- 
receiving oscillators have different optimum values. Thus, 
the two types of oscillators may have different 
configurations • 

Additionally, 1 on the plurality of pie2oeiectric 
oscillators 26, an acoustic matching layer 34 is provided to 
obtain an acoustic matching with human bodies. On the 
acoustic matching layer 34, an acoustic lens 36 is provided 
to converge ultrasonic beams. 

The outer electrodes 32 of the piezoelectric 
oscillators 26 in Lhe ultrasonic probe 22 are connected to a 
transmission/reception unit 40 via pattern electrodes (not 
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shown) disposed on the acoustic matching layer 34 and 
conductors {not shown) disposed inside via-holes penetrating 
the suhstrate 24. The transmission/reception unit 40 serves 
as a unit for driving the ultrasonic probe 22 and receiving 
ultrasonic waves. The transmission/reception unit 40 
supplies a driving signal to the ultrasonic probe 22 to 
transmit an ultrasonic wave into a subject A. In addition, 
the transmission/reception unit- 40 ieceives an echo signal 
from the subject A received by the ultrasonic probe 22. 

Thp transmission/reception unit 40 ie connected to a D- 
mode processing unit 42 and a Doppler-processing unit 44. 
Thus, an <=cho-recepLiou siqnal for every sound ray, which is 
output from the transmission/reception unit 40 , is input to 
thP B-mode processing unit 42 and the Dopplcr-proccssing 
unit 44. 

The B-mode processing unit 42 and the Doppler- 
processing unit 44 are connoted to an image-processing unit 
46, The B-mode processing unit 42, the Doppler-processing 
unit 44, and the image-processing unit 46 serve as image- 
generating units. The image-processing unit 46 forms a B- 
mode image and a Doppler image based on data input from the 
D-mode processing unit 42 and the Dopplei-piocessinq unit 44, 
respectively. 

The image-processing unit 4(5 is connected to a display 
43. The display 48 receives an image signal from the imaqe- 
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processing unit 4G to display an image based on the received 
iuiciqe signal. 

The above-described tranemiecion/reeeption unit 40, Lhe 
B-mode processing unit 42, the Dopplei-processing unit 44, 
the imaye-processing unit 46, and the display 48 are 
connected to a control unit 50. The control unit 50 
supplies a control signal to each of these units to control 
the operations thereof. Iu addition, various notice signals 
from the above units controlled by r.h« control unit 50 are 
input, t.o the control unit 50. Under the control performed 
by the control unit 50, D-mode operations and Doppier-mode 
operations arts performed. 

The control unit 50 is connected to an operational unit 
52, An operator operates the operational unit 52 to input 
desirable commands and information to Lhts control unit 50. 
The operational unit 52 is constituted ot an operational 
panel having a keyboard and other operational tools. 

Next, a description will be given of an example of the 
method for manuf actur iuq Uie ultrasonic probe 22 used in the 
ultrasonic diagnostic apparatus 20. 

First, as shown in Pig. 4/ a multi-layer structure 29 
is formed by laminating a plurality of piezoelectric layers 
28 and a plurality ot inner electrodes .10. In this case, 
r.h* multi-layered structure 29 is formed by simultaneously 
firing both the piezoelectric layers 28 and the inner 
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electrodes 30. Furthermore, the positional arrangement of 
the inner electrodes 3 0 can be freely changed by considering 
cutting widths fur later cutting, widths necessary tor 
piezoelectric oscillators; And the distance between the 
piezoelectric oscillators 26 after cutting. In Fig. 4, the 
piezoelectric layers 28 and the imiei electrodes 30 are 
. shown in a simplified manner. 

Nftvt, the multi-layer structure 29 ie cut in the 
laminated direction as 3hown in Tig. 4, and a motherboard 31 
is formed as shown in riq. 5. in this embodiment, the 

*B multi-layer structure 23 is cut into the motherboard 31 

CP ^ £ 

SJ after firing the multi-layer structure 29. However, before 

2 firing the multi-layer structure 29, the multi-layer 

structure 29 may be cut into the motherboard 31. Wften the 
motherboard 31 is cnt. away from the multi-layer structure 29 
before firing the multi-layer structure 29, the motherboard 
31 can be fired after being cut. 

Then, outer electrodes 32 are formed on both main 
surfaces of the motherboard 31- 

A DC voltage is applied between the two outer 
electrodes 32, whereby the plurality of piezoelectric layers 
28 is polarized alternately in a reverse thickness direction, 
Further, in the present invention, for example, the 
piezoelectric layers 28 may be polarized at the intervals of 
two layers in the reverse thickness direction. In other 
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words, the present invention is not restricted to the above 
arrangement in which the piezoelectric layers 28 arc 
polari2ed alternately in the reverse thickness direction. 

The motherboard 31 is bonded onto one of main surfaces 
of the substrate 24. Tn this rrase, no high precision for a 
position at which the motherboard 31 is bonded onto the 
substrate 24 i3 necessary, and any deviation leads to no 
serious problems. 

Then, *s shown in ?ig. 5, the motherboard 31 is cut in 
a matrix form by a dicing method or the like to obtain Lhts 
plurality of piezoelectric oscillators 26. in this case, no 
high precision for cutting the motherboard 31 is required, 
and any deviation leads to no serious problems . In Fig- 6, 
the plurality of piezoelectric oscillators 26 is arranqed in 
five rows and six columns. However, other arrangements may 
be made in different numbers of rows and columns. 

After that, an acoustic matching layer 34 is formed on 
the plurality of piezoelectric oscillators 26, and an 
acoustic lens 36 is formed on the acoustic matching layer 34, 

In the two-dimensional ultrasonic probe 22 of the 
ultrasonic diagnostic apparatus 20 adapted to three- 
dimensional imagining and high-resolution performance, the 
pift7f>filectric oscillators 26 having the multi-layer 
structures arc used. As a result, the same impedance 
mat^hiaq and wave-receiving sensitivity as those obtained in 
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the conventional ultrasonic probe 1 shown in Fig. 7 can be 
obtained, whereby high performance can be achieved. 

Furthermore/ in the ultrasonic diagnostic apparatus 20 , 
with the use of the piezoelectric oscillators 26 having the 
multi-layer structures, nn complicated procedures and no 
high processing precision concerning formation of via-holcs 
and cutting in accordance with the via-holes are required. 
Therefore, the manufacturing process ran he simplified, and 
when the piezoelectric oscillators 2 6 are manufactured , no 
high processing precision i3 necessary. As a l^suIt;, in the 
ultrasonic probe 22 sliuwn in Fiq. 2, characteristic 
variations between the piezoelectric oscillators 26 can be 
reduced and high-resolution performance can thereby be 
obtained. 

In additiuu, in the ultrasonic probe 1 shown in Fig. 7, 
the piezoelectric oscillators 3 shown in Fig- 8 are arranged 
nn the substra-te 2 in the matrix form. When a large number 
of piezoelectric oscillators 3 are airanqed on the substrate 
2, as in the case of the above manufacturing method 
described with reference to Figs. 4 to £, usually, the 
piezoelectric oscillators are obtained by cutting away from 
a motherboard or a multi-layer structure on which 
piezoelectric oscillators 3 are arranged in a matrix form. 

However, in the case of piezoelectric osciilatois 3 
shown in Fiq. 8, due to variations in the positions ot the 
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via-holes 7, dicing in accordance with r.he positions of the 
via-holes 7 is required. In addition, the distance between 
the piezoelectric oscillators 3 after cuttinq cannot be 
ad jus Led. 

Tn contrast, in the piezoelectric oscillators 26 uecd 
in the ultrasonic diagnostic apparatus 20, with the use o£ 
the above manulACLuiiay method, the complicated procedures 
and high dimensional precision fnr 'nrminq the via-holes are 
not required. Moreover, this method can solve problems 
occurring when dicing is performed. 

m addition, in the ultrasonic probe 22, it is possible 
to obtain a large nnmhe-r of piezoelectric oscillators 2 6 
from the large-sized multi-layer structure 20 as shown in 
Fig. 4. Moreover, when the piezoelectric oscillators 26 are 
obtained by cutting, it is not necessary to cut in 
3 accordance with the via-holes. Furthermore, when the multi- 

layer structure 29 shown in Pig. 4 is formed, cutting widths, 
the widths ol the piezoelectric oscillators 26, and the 
distance between the p1«*n«l«fl*.ric oscillators 26 after 
cutting, which are supposed to be obtained in the later 
procedures, can be considered so that the distance between 
the inner electrodes 30 can be treely determined, as a 
result, advantages in cost reduction and freedom in 
designing can be increased. 

m the above ultrasonic diagnostic apparatus 20. the 



piezoelectric uscillators 26 having specified dimensions are 
used in the ultrasonic probe However, the piezoelectric 

oscillators 26 used in the ultrasonic probe 22 may have 
other dimensions. 

Furthermore, although the ultrasonic diagnostic 
apparatus 20 includes the transmission/reception unit 40 and 
the other units in addition to the ultrasonic probe 22, 
these units may be replaced with other units. 

The oresent invent inn is? nor. limited to sensor arrays 
such as ultrasonic probes used in ultrasonic diagnostic 
apparatuses. For example, the invention can be applied to 
sensor arrays used in supersonic microscopes and metal -flaw 
detecting apparatuses - 

Ae described above, the present invention provides a 
sensor array that is highly sensitive and capable of being 
easily manufactured, in addition, the invention provides 
the method for manufacturing the above sonsor array and the 
ultrasonic diagnostic apparatus incorporating the sensor 
array • 

while the present invention has been particularly shown 
and described with reference to preferred embodiments 
thereof/ it will be understood by those skilled in the art 
that the foregoing and oth<>r ohangps in form and details can 
b© made therein without departing from the spirit and scope 
of the iuvenliuu. 



